A  COMPARATIVE  STUDY  OF  THE  METHODS 
FOR  THE  QUANTITATIVE  DETER- 
MINATION OF  TITANIUM 


BY 


THEODORE  ROLLY  BALL 
B.  S.  Drake  University 
1908 


THESIS 

Submitted  in  Partial  Fulfillment  of  the  Requirements  for  the 

Degree  of 

MASTER  OF  SCIENCE 
IN  CHEMISTRY 

IN 

THE  GRADUATE  SCHOOL 

OF  THE 

UNIVERSITY  OF  ILLINOIS. 
1914 


Digitized  by  the  Internet  Archive 
in  2013 


http://archive.org/details/comparativestudyOOball 


1914- 
mi 


UNIVERSITY  OF  ILLINOIS 
THE  GRADUATE  SCHOOL 


JUNE  FIFTH  1914. 


1  HEREBY  RECOMMEND  THAT  THE  THESIS  PREPARED  UNDER  MY  SUPERVISION  BY 
THEODORE  ROLLY  BALL 
ENTITLED A  COMPARATIVE  STUDY  OF  THE METHODS  FOR  THE 

QUANTITATIVE DETERMINATION  OF  TITANIUM. 
BE   ACCEPTED    AS   FULFILLING    THIS    PART    OF    THE    REQUIREMENTS   FOR  THE 

DEGREE  OF  MASTER  OF  SCIENCE    IN  CHEMISTRY. 

In  Charge  of  Major  Work 
/Head  of  Department 

Recommendation  concurred  in: 


Committee 

on 

Final  Examination 


uiuc 


#     TABLE  OF  CONTENTS 


INTRODUCTION 

PART  I.       GRAVIMETRIC  METHODS. 
PART  II.     COLORIMETRIC  METHODS. 
PART  III.  VOLUMETRIC  METHODS. 


INTRODUCTION 

The  estimation  of  titanium  by  the  standard  methods  is  a  rather 
tedious  and  troublesome  process  and  it  with  a  hope  of  finding  a 

more  convenient  method  that  the  investigation  of  a  few  of  the  simple 
processes  which  have  been  suggested,  was  undertaken. 

Titanium  may  be  determined  by  gravimetric, col orimetric  or 
volumetric  methods  and  in  this  paper  the  methods  will  be  discussed 
under  these  three  headings. 


1. 


GRAVIMETRIC 
METHODS . 

Any  gravimetric  method  for  titanium  resolves  itself , essentially 
into  a  method  for  the  separation  of  iron  and  aluminium  from  titanium, 
since  the  hydroxides  of  these  three  metals  precipitate  together  upon 
the  addition  of  ammonium  hydroxide  to  the  acid  solution  prepared  from 
the  sample.  Several  methoc&i  are  known  for  this  separation, but  the 
most  accurate  is  that  of  Gooch.(i) 

According  to  this  method  any  solution  that  is  free  from  silica 
may  be  used.  In  the  analysis  of  silicate  and  carbonate  rocks  the  sol- 
ution from  the  dehydrated  silica  is  employed.  The  Rx03  metals  are 
precipitated  in  the  regular  way  with  a  very  slight  excess  of  ammbnia. 
The  precipitate  is  dissolved  in  dilute  sulphuric  acid  and  the  iron 
reduced  to  the  bivalent  state  with  hydrogen  sulphide.  Three  parts  by 
weightof  tartaric  acid  are  added  to  the  combined  oxides  and  the  sol- 
ution is  made  slightly  alkaline  with  ammonium  hydroxide.  The  tartaric 
acid  serves  to  hold  the  aluminium  and  titanium  in  solution  but  the 
iron  comes  down  as  ferrous  sulphide.  It  is  essential  that  the  iron 
be  reduced  in  the  acid  solution  as  some  of  the  titanium  is  brought 
down  with  it  if  the  reduction  is  made  in  a  basic  solution.  The  ferrouj 
sulphide  is  filtered  off  and  the  solution  freed  from  hydrogen  sulphidi 
by  passing  a  stream  of  carbon  dioxide  through  the  boiling  solution. 
Potassium  permanganate  is  then  added  to  the  hot  acid  solution  until 
all  of  the  tartaric  acid  is  destroyed.  About  two  and  a  half  times  as 
much  permanganate  is  required  as  there  is  tartaric  acid  to  destroy. 
As  soon  as  the  oxides  of  manganese  appear  permanently  in  the  solution 
the  reaction  is  complete.  The  oxides  are  then  put  into  solution  by 
the  addition  of  a  few  crystals  of  ammonium  or  sodium  sulphite. 
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Aluminium, manganese  and  titanium  are  now  present  together  in  acid 
solution.  Ammonium  hydroxide  is  added  in  very  slight  excess, foi lowed 
at  once  by  glacial  acetic  acid  in  such  quantity  that  the  resulting 
solution  shall  contain  7  to  lift  of  the  acid  by  volume.  Boiling  pre- 
cipitates the  titanium  completely , together  with  a  small  quantity  of 
manganese  and  aluminium.  After  filtering , the  paper  is  ignited  with 
the  precipitate  and  the  residue  is  fused  with  sodium  carbonate  and 
then  leached  with  hot  water  to  remove  soluble  aluminate, raanganate 
and  phosphate  of  sodium.  The  insoluble  residue  is  again  fused  with 
sodium  carbonate  and  leached  with  water  and  the  process  repeated  a 
third  time.  The  residue  is  then  taken  up  with  dilute  acid  and  ammon- 
ia is  added  until  the  solution  becomes  turbid.  Just  enough  sulphuric 
acid  is  added  to  clear  the  solution.  Slightly  more  sodium  acetete 
is  now  added  than  is  required  to  react  with  the  acid  added,  and  then 
7  -11^  of  acetic  acid  by  volume.  Several  minutes  boiling  throws  the 
titanium  out  and  it  is  ignited  and  weighed  as  TiOx .  This  method  has 
been  thoroughly  tested  and  found  to  be  accurate.  Its  disadvantage  is 
obvious.  After  silica  is  removed,  six  filtrations, three  fusions  with 
sodium  carbonate, one  reduction  with  hydrogen  sulphide, expulsion  of 
the  latter  with  carbon  dioxide  and  the  destruction  of  tartaric  acid 
are  required  to  get  the  titanium  in  condition  for  weighing. 

Barneby  and  Isham(2)  separate  titanium  from  iron  by  making 
use  of  the  fact  that  ferric  chloride  is  soluble  in  ether  while  ti- 
tanic chloride  is  not.  The  titanium  bearing  substance  is  freed  from 
silica  with  sulphuric  and  hydrofluoric  acids, the  acid  evaporated  off 
and  the  residue  fused  with  sodium  carbonate}  whereby  aluminium  is 
converted  into  the  soluble  aluminate.  After  leaching  with  hot  water 
the  residue  is  treated  with  hydrochloric  acid  (Sp.G.1.10)  and  the 
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volume  reduced  to  15  or  20  c.c.  The  solution  is  put  into  a  senara- 
tory  funnel  and  shaken  with  ether  which  has  been  saturated  with  hyd- 
rochloric acid  gas.  When  all  of  the  ferric  chloride  has  been  removed 
the  ether  layer  will  be  colorless.  The  aqueous  layer  is  boiled  to 
remove  dissolved  ether  and  the  titanium  precipitated  as  in  the  final 
step  of  the  Gooch  method. 

Baskerville  (3)  separates  titanium  from  iron  by  hydrolyzing 
titanium  chloride  in  the  presence  of  sulphurous  acid.  Hillebrand, (4 ) 
however, finds  this  method  inaccurate.  Iron  is  brought  down  to  the 
extent  of  2.5  milligrams  in  0.10  gram  of  TiO^.     Fresenius  (5)  finds 
the  same  result^  so  the  method  is  not  to  be  recommended. 

Classen  (6)  separated  iron  from  titanium  by  adding  an  excess 
of  potassium  hydroxide  to  a  solution  of  a  pertitanate  in  the  presence 
of  a  very  large  excess  of  hydrogen  peroxide.  Ferric  hydroxide  precip- 
itates while  the  titanium  stays  in  solution  in  the  form  of  the  per- 
titanate.  He  states  that  if  ammonium  hydroxide  or  sodium  carbonate 
is  used  the  separation  is  not  complete.  Walker,''?)  on  the  other  hand, 
claims  to  have  effected  the  separation  with  ammonia  in  this  manner 
by  two  or  three  precipitations.  This  method  has  not  had  any  general 
use. 

Dittrich  and  Freund  (8)  make  the  separation  from  iron  by  hy- 
drolysis of  titanium  sulphate  in  a  very  faintly  acid  solut  ton.,  the 
iron  being  first  reduced  with  hydrogen  sulphide  to  prevent  its  hy- 
drolysis. The  results  are  stated  to  be  satisfactory. 

In  a  very  recent  paper  Jamieson  and  TVrenshall  (9)  give  a  series 
of  results  obtained  by  the  precipitation  of  titanium  phosnhate  from 
a  very  strongly  acid  solution.  This  method  was  first  proposed  by 
Ericson.(lO)  The  results  obtained  are  fairly  satisfactory  and  the 


method  separates  titanium  from  iron  and  aluminium. 

Of  all  of  the  gravimetric  methods  that  of  Gooch  is  undoubtedly 
the  most  accurate  in  spite  of  the  length  of  its  proceedure. 


II 


COLORIMETRIC  METHODS . 


When  the  quantity  of  titanium  to  be  determined  is  1 ^ss  than 
0.01  gram, as  is  usually  the  case, the  gravimetric  method  is  not  very 
accurate.  For  small  quantities , therefore , colorimetric  methods  are 
used. 


depends  upon  the  fact  that  acid  solutions  of  titanium  salts  are 
colored  yellow  to  deep  red, depending  upon  the  amount  of  titanium 
present, when  treated  with  hydrogen  peroxide.  Schonn  (12)  first  noted 
this  reaction, which  is  delicate  to  0.00005  gram  in  50  c . c ,j estimated 
as  TiO  .  The  depth  of  color  is  proportional   to  the  quantity  of  ti- 
tanium present, so  the  reaction  may  be  used  ouantitatively  as  well  as 

qualitatively.  The  nature  of  the  compound  thus  formed  is  not  fully 
it 

proven, butA is  undoubtedly  an  hexavalent  compound  of  the  type 

Ti  0,   xH.O.     "x"  is  probably  threeja  compound  of  that  formula  having 
3  *- 

been  isolated.   (13)  The  equation  may  be  written  as  follows :- 


Melikoff  and  Pissarjewsky  (14)  assign  a  peroxide  formula  to  the 
compound . 


Thus  they  assume  the  titanium  to  be  in  the  tetravalent  state. 

The  formula  TiO  ,Ho0    has  also  been  suggested  but  Price   (15)  points 


The  first  colorimetric  method  was  propose'1  by  teller.  (11)  It 


TiO     aq.  *  Ho0Q=Ti0     aq.   *  HO. 


out  evidence  that  makes  this  formula  doubtful. 


5. 

To  carry  out  the  Weller  method, the  solution  is  usually  prepared 
by  following  the  Gooch  method, already  out! ined,ur>  to  and  including 
the  first  precipitation  with  acetic  acid  after  the  removal  of  tar- 
taric acid.  The  precipitate  which  contains  traces  of  aluminium  and 
of  manganese  is  dissolved  in  5fe  sulphuric  acid.  This  solution  is 
made  up  to  any  convenient } known  volume  with  5$  acid, after  the  add- 
ition of  5-10  c.c.  of  3$  hydrogen  peroxide.  The  color  is  then  com- 
pared with  that  of  a  solution  of  known  titanium  content , similarly 
made  up. 

There  are  several  things  which  interfere  with  the  production 
of  the  color. 

(a)  Hydrogen  peroxide  which  is  free  from  fluorides  must  be  used 
as  they  bleach  the  color  very  materially.  The  bleaching  is  so  marked 
that  a  method  for  the  determination  of  f luorides , which  is  based  en- 
tirely upon  this  action;has  resently  been  perfected  by  Steiger.  (16) 

(b)  The  quantity  of  sulohuric  acid  present  should  not  be  less 
than  5%  by  weight.  Dunnington  (17)  concludes  that  the  failure  to 
get  full  color  development  in  dilute  acid  solutions  is  due  to  the 
presence  of  meta-titanic  acid  which  is  not  acted  upon  by  the  hydrogei 
peroxide.  Faber, (18)  however, has  shown  the  existance  of  a  basic 
sulphate  in  dilute  solutions, which  does  not  give  the  color.  This 
seems  to  be  the  more  logical  explanation  of  the  failure  in  dilute 
acids . 

(c)  Ferric  salts  interfere  with  the  reading  of  the  color  be- 
cause of  the  inherent  color  of  the  ferric  ion.     Hence  it  is  better 
to  remove  the  iron  than  to  correct  for  it.  The  latter  may  be  done, 
however.  W.A.Noyes  (19)  suggests  the  addition  to  the  standard  of  a 
quantity  of  iron  equal  to  that  in  the  test  solution.  This  can  be 
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conveniently  doneif  the  solution  in  which  iron  has  been  determined 
volumetrically  by  means  of  potassium  permanganate  (61  and  Ti  being 
present)  is  precipitated  with  ammonia  and  the .  precipitate  dissolved 
in  dilute  sulphuric  acid.  The  iron  content  is  accurately  known  and 
an  equal  quantity  may  be  added  to  the  standard  in  the  form  of  ferric 
sulphate.  Hillebrand  (SO)  simply  corrects  for  the  effect  of  the  iron, 

Tests  which  he  made  show  that  0.10  gram  of  Fe  0_ in  100c. c.  of  5# 

2  3 

sulphuric  acid  produces  a  color  enual  to  that  of  0.20  milligrams  of 
TiOg.  He  states, however, that  the  method  of  W.A.Noyes  is  "probably 
more  exact", 

Since  the  color  of  the  solution  of  iron  salts  is  due  to  the 
ferric  ion, anything  that  would  remove  this  substance  would  accomp- 
lish the  correction, provided  it  did  not  itself  bleach  the  pertitanate 

Ortho -phosphoric  acid  has  been  used  and  it  works  very  well  provided 
it  is  added  in  equal  quantities  to  the  standard.  Faber  (IB)  and 
Walton  (21)  have  shown  this  method  to  be  efficient  and  their  work 
has  been  confirmed  by  the  U.S. Geological  Purvey.  (22) 

(d)  Alkali  sulphates  have  recently  been  shown  to  exert  a 
bleaching  influence  upon  the  color  of  peroxidized  titanium  solutions. 
Merwin  (23)  has  produced  some  interesting  data  on  this  point  as  the 
following  table  will  show. 

TABLE  I. 


Gms.  KgS04      Con.H2S04(c.c . )        Vol.  of  Sol.  ^bleached. 

3.00  0.50  not  atated  15 -00 

3.00  2.00  it   tt  tt     it  9.00 

3.00  8.00  tt  w  it     tt  2.00 

6.00  0 .50  n  tt  tt     «  21.00 

6.00  2.00  tt   tt  »     it  14.00 

6.00  8.00  it   ft  n     tt  5.00 


Thus  it  is  evident  that  the  bleaching  effect  is  very  marked  and  that 
the  solution  should  be  freed  from  these  salts  whenever  possible.  By 
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precipitating  the  titanium  with  ammonia  and  then  dissolving  the 
precipitate  in  acid, after  washing  out  the  salts, this  can  readily  be 
effected. 

(e)  Aluminium  is  nearly  always  present  in  quite  large  quant i- 

effect  of  its 

ties  in  the  titanium  solution, so  it  was    thought  best  to  study  theA 
sulphate  upon  the  color.     1.855  grams  of  potassium  alum  were  dis- 
solved in  a  standard  titanium  solution.  Another  standard  of  exactly 
the  same  titanium  content  was  treated  with  a  ouantity  of  potassium 
sulphate  equivalent  to  the  alum^ and  the  two  solutions  compared  in 
Baleil-  Duboscq  colorimeter. No  difference  in  color  could  be  detected. 
Merwin  (23)  also  finds  aluminium  sulphate  to  be  without  effect. 

The  Weller  method, with  the  observation  of  the  above  precautions, 
is  very  accurate  and  is  easily  carried  out  after  the  solution  is 
once  prepared. 

Hall  and  Smith  (24)  studied  color  reactions  of  titanium  salts 
in  concentrated  sulphuric  acid  with  twenty  or  more  organic  compounds. 
Lehner  and  Crawford  (25)  continued  with  the  study  of  some  thirty 
others.  Of  those  which  produced  colors, thymol  seemed  to  them  best 
adapted  to  the  determination  of  titanium.  The  depth  of  color  is  propo 
portional  to  the  quantity  of  titanium  present,  but  the  use  of  con- 
centrated acid  is  required.  Then  the  per-cent  of  acid  falls  below 
seventy-nine  the  color  falls  off  very  rapidly.  The  f  ac r,  that  such 
strong  acid  is  required  makes  this  method  of  little  importance  from 
a  practical  standpoint. 

J.Walton  Jr.    (26)  has  sought  to  make  use  of  the  fact  observed 
by  Classen  (6)  and  Wilker^  (7)  that  when  a  pertitanate  solution, in 
the  presence  of  a  large  amount  of  hydrogen  peroxide, is  made  alkaline 
the  solution  remains  clear  for  several  hours.  He  attempts  the  form- 


at ion  of  the  pertitanate  directly  from  the  mineral  by  fusion  with 
sodium  peroxide.   "About  one  gram  of  the  clay  was  mixed  with  about 
eight  grams  of  sodium  peroxide  and  heated  in  an  iron  crucible  over 
an  ordinary  gas  burner.  When  the  mixture  had  completely  fused  it  was 
cooled, and  to  the  fused  mass  200  c.c.  of  water  were  added.  The  solu- 
tion was  made  up  to  250c. c. , allowed  to  settle, and  supernatant  liquid 
decanted  through  a  filter.     100c. c.  of  the  filtrate  were  acidified 
with  a  measured  volume  of  sulphuric  acid. No  hydrogen  peroxide  was 
added  as  enough  was  formed  by  the  action  of  the  acid  on  the  sodium 
peroxide  present  .The  color  was  comrared  with  that  of  a  standard 
titanium  solution. w 

This  method  apparently  has  a  very  great  advantage  over  other? 
in  that  it  is  quickly  carried  out.  A  study  of  the  method  was  there- 
fore made. 

For  comparison^a  standard  solution  of  titanium  sulphate  was 
made  by  recrystalizing  Kahlbaum's  pur6  potassium  titanium  fluoride 
from  hydrofluoric  acid  solution  in  a  platinum  dish.  The  salt  was 
crystallized  three  times, dried  and  ignited  in  a  platinum  crucible  to 
expel    the  excess  of  acid.  Exactly  six  grams  of  this  salt  were 
weighed  out  and  several  c.c.  of  concentrated  sulphuric  acid  were 
added  and  the  mixture  was  heated  on  the  hot  plate  until  dense  white 
fumes  were  evolved.  Acid  was  again  added  and  the  evaporation  repeat- 
ed to  expel  all  of  the  hydrofluoric  acid.  At  the  last  the  dish  was 
heated  over  the  free  flame.  The  cooled  residue  was  treated  with  a 
few  c.c.  of  sulphuric  acid  and  then  poured  out  into  5$  acid. A  clear 
solution  was  thus  obtained  which  was  made  up  to  one  liter  with  5% 
acid.  Each  8,c.  should  contain  0.0020  gram  of  TiO  .     50  c.c.  of  this 
solution  were  neutralized  with  ammonia, acetic  acid  and  sodium  acetat 
were  added  and  after  several  minutes  boiling  the  precipitate  was 


filtered  off , ignited  and  weighed.  It  weighed  0.1002  gram, showing 
that  the  solution  was  correct  within  the  limits  of  accuracy  of  the 
method^ where  only  small  quantities  wers  to  be  estimated.     This  solu- 
tion proved  to  he  too  strong, so  lp©  c.c.  of  it  were  taken  and  made 
up  to  one  liter  with        5$  PL  SO  .  Each  c.c.  now  contained  0.0002  gm. 
of  TiO^.  The  quantity  of  alkali  sulphate  present  in  this  solution  is 

so  small  as  to  be  negligible.  Six  grams  of  K  TiF    are  equivalent  to 
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4.35  grams  of  K>  S04  .  This  in  10  liters  makes  only  0.43  milligram  per 
c.c. 

A  limestone, furnished  by  the  Bureau  of  standards , was  first 

analyzed  using  the  Gooch  method  up  to  and  including  the  destruction 

of  tartaric  acid.  Since  the  aluminium  does  not  interfere  with  the 

color  development  the  Al  and  Ti  were  precipitated  together  with 

ammonia, filtered  off  and  dissolved  in  dilute  sulphuric  acid.  One  c.c 

of  Merk's  perhydrol   (30?0  was  added  and  the  solution  made  up  to  250 

flask 

c.c.  with  5^  acid.  Another  250c. c.  was  almost  filled  with  5^  acid 

'  A 

to  which  one  c.c.  of  perhydrol  was  added;  standard  titanium  solution 
was  then  added  until  the  color  was  of  about  the  same  intensity  as 
that  of  the  test  solution.  After  making  the  standard  up  to  th6  mark 
the  two  solutions  were  comnared  in  the  Sol eil-Duboscq  colorimeter. 
The  following  results  were  obtained  by  the  standard  Weller  method 

0.21#    0.20#    0.20<?    0.21$    0.22^  0.23# 
Hillebrand  and  Waters  found  0.23^  and  0.21$ ^  respectively^  at  the 
Bureau  of  Standards. 

This  same  limestone  was  then  analyzed  by  the  Walton  method, as 
already  outlined , with  the  following  results:-- 
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Wt.  sample 

1.6365gms. 
1.0215  " 
1.0415  " 
1.0045  " 
1.0040  " 
1.0050  " 


Wt.Na  JD„ 

12.00 
8.00 
8.00 
8.00 
8.00 
8.00 


TABLE  II. 

Color 

none 
«  tt 

tt  tt 

tt  tt 

it  it 

firafte 


Crucible  used. 

.  Iron 
tt  n 

w  « 

w  ft 

»  tt 

tt  tt 


A  large  number  of  other  fusions  were  made, but  always  with  negative 
results.  The  directions  as  given  in  Walton} s  original  article  were 
followed  as  closely  as  possible  in  the  above  cases.  Slight  modifica- 
tions were  tried, such  as  longer  heating  at  lower  temperatures, mo re 
rapid  heating, bringing  the  mass  to  fusion  in  a  very  short  time,  etc. 
In  each  case  the  same  negative  result  was  obtained  on  the  limestone. 
Solution  in  each  case  was  made  in  ice  water  and  a  piece  of  ice  was 
kept  in  the  crucible  to  prevent  local  heating  at  the  surface  of  the 
dissolving  melt.  Solution  was  usually  complete  in  about  thirty  min- 
utes. 

Nickel  and  silver  crucibles  were  tried, but  with  no  better  re- 
sults. Even  in  the  case  of  the  silver  crucible  the  metal  was  vigor- 
ously attacked, and  when  sodium  peroxide  alone  was  fused  in  the  cru- 
cible a  very  fine  black  powder  was  observed  to  float  out  into  the 
fused  mass.     Nickel  crucibles  were  attacked  very  strongly  and  in  a 
few  cases  were  ruined  by  one  fusion. 

It  was  thought  that  the  failure  to  get  the  test  was  possibly 
due  to  the  large  quantity  of  sodium  sulphate  present.  To  test  this 
point  8.00  grams  of  sodium  peroxide  were  dissolved  in  water  and  the 
solution  treated  with  a  large  excess  of  H^SO^  ; Standard  solution 
containing  0.20  milligram  of  TiO    was  then  added.  This  was  about  the 
quantity  contained  in  the  one  gram  of  limestone  taken.  A  decided 
color  was  produced, showing  that  the  failure  of  Walton's  procedure 
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was  not  due  to  the  presence  of  sodium  sulphate. 

Having  failed  to  get  results  on  this  sample, one  of  magnetic 
oxide  of  iron  was  analyzed.  It  contained  0.994  of  TiO^  as  determined 
"by  the  Bureau  of  Standards.  The  following  results  were  obtained: — 

TABLE  III. 

Wt. sample  Wt.Nao0o  fTi0o  Present  ^^"Found . 

073657  "gnu  S.20  gm.  o79Q~  0.35 

0.3670  rt"  3.20   M"  0.99  0.36 

1.0400  "rt  8.30  ««  0.99 

In  the  last  analysis  recorded  the  filtrate  could  not  he  obtain- 
ed clear  enough  to  make  th6  color  comparison.  Upon  dissolving  the 

fusion  in  ice  water  there  was  ouite  a  tendency  for  the  iron  to  nass 

i 

through  the  filter  in  the  colloidal  state  when  this  samnle  was  used. 
The  above  table  does  not  include  all  of  the  analyses  that  were  mane 
of  this  sample^ but  in  no  case  did  the  percent  found  exceed  0.36. 
In  all  of  the  cases  where  color  comparisons  were  made  with  a  stand- 
ard solution  the  latter  was  made  up  to  contain  a  ouantity  of  sodium 
sulphate  exactly  equal  to  that  in  the  test  solution.  Thus  the  bleach- 
ing effect  of  the  salts  present  was  neutralized. 

During  the  solution  of  the  melt  in  ice  water  it  was  observed 
that  a  vigorous  evolution  of  oxygen  took  place  and  that  it  continued 
all  during  the  filtration, after  solution  was  complete.     When  pure 
sodium  peroxide  is  put  into  water  oxygen  is  evolved  for  a  time, but 
the  action  soon  ceases.     Thus  it  was  evident  that  something  in  the 
solution  (either  some  dissolved  or  suspended  substance)  was  catal- 
yzing the  decomposition  of  the  peroxide.  It  was  thought  that  the 
large  amount  of  ferric  hydroxide  might  be  the  cause  of  this.  To 
test  this  out, a  measured  volume  of  the  standard  solution  was  oxidized 
with  hydrogen  peroxide  and  then  made  alkaline  with  a  solution  of 
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soduira  peroxide.  The  solution  remained  perfectly  clear.  Another  sol- 
ution was  made  in  exactly  the  same  way.  To  one  wan  added  some  freshly 
precipitated  ferric  hydroxide.  Both  solutions  were  kept  in  ice  water 
for  thirty  minutes.  The  one  to  which  ferric  hydroxide  had  been  added 
evolved  oxygen  during  all  this  time  while  the  other  did  not.  At  the 
end  of  half  an  hour  both  solutions  were  filtered, the  first  10  c.c. 
of  the  filtrate  being  discarded  in  each  case.  Equal  volumes  of  the 
filtrates  were  taken  and  made  up  to  250  c.c.  Upon  comparing  the  two 
solutions  it  was  found  that  the  one  to  which  the  ferric  hydroxide 
had  been  added; apparently  contained  only  92.70?  as  much  titanium  as 
the  other.  Nickel ic  hydroxide  was  prepared  free  from  cobalt  by  prey 
cipitation  from  an  alkaline  cyanide  solution  with  bromine  water. 

When  this  orecipitate  was  added  to  an  oxidized  titanium  salt  in  alk- 

it  was 

aline  solution  and  the  test  carried  exactly  asAwith  the  ferric  hydro: 
ide,the  solution  contained, apparently, only  80.85$    as  much  titanium 
as  was  added.  Thus, in  these  two  cases, it  was  shown  that  the  presence 
of  these  precipitates  in  the  solution  caused  the  titanium  to  be  pre- 
cipitated or  otherwise  effected  so  that  the  color  was  not  fully  de- 
veloped. 

In  bide  fusion  with  sodium  peroxide  the  iron  would  be  con- 
verted into  a  ferrate.  As  is  well  known  ferrates  are  very  unstable 
and, with  water, hydrolyze  giving  ferric  hydroxide  and  evolving  oxygen 
They  are  very  strong  oxidizing  agents.  Faber(27)  has  made  a  study  of 
the  effect  of  oxidizing  agents  upon  oertitanates  and  hydrogen  per- 
oxide. In  the  thirty-one  cases  studied, each  substance  that  reduced 
hydrogen  peroxide  also  reduced  the  pertitanate.  It  seems  reasonable, 
then, to  think  that  there  might  be  a  reduction  of  the  pertitanate  by 
the  sodium  ferrate.  Once  reduced, the  titanium  would  precipitate. 
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This  would  account  for  the  complete  failure  in  the  limestone  analysis , 
The  explanation  may  be  in  simple  occlusion  of  titanium  by  the  large 
amount  of  iron  present ,or, as  was  first  suggested, catalytic  action  of 
ferric  hydroxide.  The  last  two  seem  the  more  reasonable. 

The  failure  to  get  any  test  whatever  for  titanium  in  the  lime- 
stone and  then  getting  a  test  in  the  case  of  magnetic  oxide  of  iron 
would  seem  to  be  contrary  to  the  observed  action  of  ferric  hydroxide. 
This  is  not  necessarily  the  caee> as  the  quantity  of  iron  which  the 
crucible  yielded  in  each  fusion  was  large  in  proportion  to  the  quanti  - 
ty  in  the  sample.  With  the  higher  titanium  content  in  the  iron  ore, 
some, but  not  all  of  it  is  converted  into  the  colored  compound. 

Even  after  the  fusion  in  sodium  peroxide  it  does  not  necessarily 
follow  that  the  titanium  is  present  in  the  peroxidized  form.  It  might 
still  be  in  the  tetravalent  state.  That  there  probably  is  a  soluble 
sodium  salt  of  tetravalent  titanium  can  be  shown  by  fusing  TiO^  with 
sodium  hydroxide  in  a  silver  crucible.  This  was  tried, keeping  the 
crucible  covered  to  protect  the  melt  from  air  as  much  as  possible. 
Upon  dissolving  the  fused  mars  in  ice  water  a  white  precipitate  was 
formed.  Upon  filtering  and  acidifying  the  filtrate  with  sulphuric 
acid  no  yellow  color  was  produced, showing  that  not  more  than  traces 
of  a  pertitanate  were  present, if  any,     When  a  few  drops  of  hydrogen 
peroxide  were  added  a  very  distinct  yelloytf  color  was  produced.  While 
this  test  was  not  made  quantitatively , it  was  judged  from  the  color 
of  the  solution  that  it  contained  about  8.00  milligrams  of  TiO  per 
liter.  It  may  be  that  this  slightly  soluble  salt  is  formed  in  the 
fusiOtn  with  sodium  peroxide.  This  seems  rather  doubtful , however, in 
view  of  the  very  strong  oxidizing  action  of  fused  sodium  peroxide. 
Whatever  may  be  the  reason, the  Walton  method  was  found  incapable  of 


14. 

yielding  accurate  results, and  it  was  therefore  abandoned. 


Ill 

VOLUMETRIC  METHODS. 

All  of  the  volumetric  methods, so  far  proposed , have  been  based 
upon  the  reducing  power  of  salts  of  tri-valent  titanium.  When  titan- 
ium salts  are  reduced  in  acid  solution  with  nascent  hydrogen  violet 
colored  solutions  are  produced , which  contain  tri-valent  titanium, 
This  is  a  very  strong  reducing  agent. 

Wells  and  Mitchell  (28)  have  determined  titanium  by  oxidation 
of  the  titanou.B  salt  with  KMnO^  in  acid  solution^ exactly  as  in  the 
determination  of  iron.  Nascent  hydrogen, from  the  action  of  zinc  on 
sulphuric  acid, was  used  as  the  reductiing  agent,  in  case  iron  is  pres- 
ent it  also  is  reduced, so  that  the  titration  does  not  give  titanium 
alone.  A  second  reduction  is  made  wit^.  hydrogen  sulphide ; this  re- 
duces the  iron  alone, and  by  means  of  a  second  titration  its  quantity 
is  determined.  The  titanium  is  gotten  by  difference.     The  results, 
according  to  the  authors, are  always  a  little  too  low. 

Neuman  and  Murphy  (29)  have  used  methylene  blue  as  an  oxidizing 
agent.  While  the  results  they  obtained  are  satisfactory , the  instabil 
ity  of  the  standard  solution  renders  the  method  inconvenient. 

Knecht  (30)  first  made  us6  of  tri-valent  titanium  salts  as 
reducing  agents  in  organic  chemistry.  He  also  studied  their  action 
on  several  inorganic  salts  and  used  the  chloride  to  determine  ferric 
iron.  Upon  adding  a  solution  of  TiCl^   to  FeCl3   the  following  re- 
action takes  place 

TiCl     ♦  Feci     ■  TiCI     +  FeCl0 
8  3  4  2 
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Using  KCNS  as  an  indicator  to  determine  when  all  of  the  iron  was 
reduced  he  was  able  to  get  very  satisfactory  results  for  iron.  In 
his  original  publication  he  gives  only  one  result  upon  the  use  of  the 
reaction  for  the  determination  of  titanium, and  that  was  considerably 
too  low. 

Hinrichsen  (31)  carried  out  the  same  titration, making  his  re- 
duction with  zinc -magnesium  alloy  in  hCI  solution, with  results 
which  he  says  are  satisfactory , but  which  he  does  not  give. 

Gino  Gallo  (32)  used  the  method.  He  made  his  reduction  in 
rather  concentrated  sulphuric  acid  with  xinc, keeping  the  temperature 
at  10° C.  His  results  are  very  good.  The  simolicity  of  this  method 
made  it  seem  worthy  of  investigation, especially  since  it  is  not  giv- 
en in  the    recent  standard  text  books  on  quantitative  analysis. 

The  standard  titanium  solution  used  was  identical  with  that 
made  up  for  the  colorimetric  work.  A  standard  iron  chloride  solution 
was  prepared  by  dissolving  C.B    ferric  chloride  in  water  and  adding 
enough  concentrated  HCI  to  keep  the  solution  perfectly  clear.  From 
thirty  c.c.  of  this  solution  the  iron  was  precipitated  by  pouring 
the  liquid  into  a  slight  excess  of  ammonia.  From  the  weight  of  the 
oxide  thus  obtained, two  independent  analyses  gave  normality  factors 
of  0.05043  and  0.05041  for  oxidation.  The  indicator  was  a  saturated 
solution  of  KCNS, of  which  one  c.c.  was  used. 

Various  reducing  agents  were  tried  in  the  preliminary  exper- 
iments. Aluminium  and  sulphuric  acid  reduced, as  was  shown  by  the 
violet  color  of  the  solution, but  the  action  was  ver    slow.  The  action 
of  HCI  on  aluminium  is  so  rapid  that  it  could  not  be  used.  The  same 
objection  holds  for  magnesium, both  in  the  ribbon  and  powdered  form. 
Bars  of  magnalium  were  tried  but  the  reduction  in  sulphuric  acid 

was  too  slow.  With  hydrochloric  acid  the  reaction  was  quite  violent 
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but  the  reduction, aparently, wa-   not  complete.  Both  granulated  and 
bar  zinc  were  used  with  satisfactory  results, as  is  shown  in  the 
following  table. 

TABLE  IV 


Titration  of  titanous  salts  with  ferric  chloride. (W.F.=0 .05042) 
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«11  of  the  above  titrations  were  made  in  the  cold  after  having  fil- 
tered from  any  undissloved  zinc. 

Gino  Gallo  made  all  of  his  reductions  in  the  cold,(10°C)  and 
he  allowed  twelve  hours  for  complete  reduction.  None  of  the  above 
reductions  required  more  than  two  hours  and  those  in  the  boiling 
solution  were  titrated  as  soon  as  they  had  reached  room  temperature, 
xhe  boiling  was  continued  for  about  twenty  minutes  in  each  case. 

«11  of  these  titrations  except  jno.8  were  made  with  0.05042  N. 
ferric  chloride,  ino.8  was  made  with  a  solution  that  was  one  fifth 
as  strong.  From  the  result  of  that  determination  it  is  evident  that 
this  method  may  be  used  for  the  determination  of  as  little  as  0.0020 

gram  of  TiO    if  B.01N.  ferric  chloride  is  used    %ovrever,it  is  prob- 
able  that  the  weller  colorimetric  method  would  be  preferable  for 

quantities  that  small, or  smaller. 
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It  is  noticed  that  the  presence  of  iron  tends  to  lower  the  re- 
sults. In  all  of  the  cases  where  iron  wa-  not  present  the  results 
were  too  high  by  about  one  percent.  No.  4  is  put  in  parenthesis  as 
the  result  is  evidently  due  to  some  error  in  manipulation.  In  the 
presence  of  iron  the  tendency  is  towards  slightly  low  results.  This 
was  also  shown  to  be  the  case  in  the  analysis  of  a  sample  of  Ilmenite 
This  was  first  analyzed  by  the  Gooch  gravimetric  method. Two  analyses 
showed  34.60$  and  34.65$.  ay  the  volumetric  method  the  following  re- 
sults were  obtained:--  34.63$,  34.4'?$    34.44$    34.42$.     These  results 
give  a  mean  value  of  34.49$7*"0^. 

rrom  the  standpoint  of  accuracy  this  method  compares  very  fav- 
orably with  the  longer  gravimetric  method  of  uooch.  where  the  quan- 
tity of  TiO^   to  be  determined  is  more  than  one  centigram  it  gives 
results  which  are  as  close  as  are  usually  required, and  it  has  the 
advantage  of  being  much  shorter.  The  soliitions  required  are  usually 
at  hand  in  every  laboratory. 

In  doing  this  work  considerable  care  must  be  taken  to  keep  the 
air  away  from  the  solution, as  the  titanous  salts  are  very  easily  0x7 
idized.  m  all  of  the  cases  given  in  TABLE  IV  the  solution  was  pro- 
tected by  the  use  of  a  Contat-G  ockel  valve.    This  does  very  well  when 
the  reduction  is  made  in  the  cold, but  when  the  solution  is  hot  the 
slightest  cooling  draws  the  sodium-bicarbonate  solution  from  the 
valve  into  the  reduction  flask,  small  quantities  of  this  solution  do 
no  harm, but  in  cooling  from  boiling  to  room  temrerature  quite  large 
quantities  are  drawn  in.     to  eliminate  this  objectionable  feature 
a  modification  of  the  valve  was  designed.   (Figure  1  page  17a)  in- 
stead of  connecting  the  valve  directly  to  the  tube  leading  to  the 
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reduction  flask, it  was  connected  to  a  cylindrical  bulb  of  about  100 
c.c.  capacity,   ihis  bulb  had  the  tube  leading  to  the  reduction  flask 
sealed  in  near  the  top  and  dropped  at  an  angle  of  about  45°.  in  use, 
the  cylindrical  bulb  contains  about  ten  c.c.  of  dilute  sulphuric 
acid  and  the  upper  bulb  contains  a  saturated  solution  of  sodium  bi- 
carbonate,   when  the  reduction  flask  cools t the  reduced  pressure 
draws  some  of  the  bi -carbonate  solution  into  the  acid  and  carbon  di- 
oxide is  evolved, stopping  the  syphon.  The  reduced  solution  in  not 
contaminated  at  all  when  this  valve  is  used. 

when  the  reduction  is  made  with  zinc  it  is  not  always  prac- 
ticable to  dissolve  all  of  the  metal.   In  many  cases  it  is  impossible 
to  do  so.  This  makes  it  necessary  to  filter  the  solution  before  ti- 
trating, even  when  zinc  sheets  or  bars  are  us6d.  Usually  it  is  rec- 
ommended to  filter  through  a  platinum  cone.  This  was  tried  in  a 
number  of  cases  but  it  was  found  that  some  very  fine  particles  got 
through.  The  addition  of  several  c.c.  of  acid  did  not  disslove  them 
but  when  the  ferric  chloride  was  added  they  slowly  went  into  solu- 
tion.    To  insure  complete  Reparation  of  zinc  before  titration, the 
following  scheme  was  adopted.  Since  reductions  could  be  made  in  the 
cold, separatory  funnels  of  250c. c.  capacity  were  used  as  containing 
vessels.  A  glass  tube  of  the  same  diameter  as  the  stem  of  the  funnel> 
and  about  four  inches  long, was  drawn  out  somewhat  at  about  its  middle 
point, thus  making  a  slight  constriction.  A  small  mat  of  glass  wool 
and  asbestos  was  drawn  down  upon  this  constriction  making  a  small 
filter.  A  rubber  stopper, of  proper  size  to  fit  a  suction  flask, was 
then  placed  upon  the  stem  of  the  funnel  and  the  filter  attached 
with  a  sleeve  of  rubber  tubing.  By  filling  the  filter  and  stem  with 
water  at  the  beginning  of  the  reduction, and  at  the  end  drawing  the 
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reduced  solution  into  a  suction  flask  filled  with  carbon  dioxide, 
it  was  possible  to  filter  out  of  contact   with  air. 

Considerable  difficulty  is  always  met  with  in  getting  basic 
substances, stiich  as  ilmenite  and  magnetic  oxide  of  iron, into  solution 
by  fusion  with  potassium  pyrosulphate ♦  A  method  suggested  several 
years  ago  by  W.A.Noyes  is  very  effective  and  was  used  to  decompose 
the  ilmenite  analyzed.  For  each  part  by  weight  of  the  the  finely 
powdered  ore  one  part  of  potassium  fluoride  and  five  or  six  parts 
of  pyrosulphate  ape  taken  and  the  mixture  fused  in  a  platinum  cruc- 
ible until  the  mass  ceases  to  effervesce.  The  melt  is  then  cooled 
and  dissolved  in  water  to  which  a  little  sulphuric  or  hydrochloric 
acid  has  been  added.  The  latter  acid  hastens  solution  and  its  use 
is  to  be  recommended.  When  silica  is  not  to  be  determined  very  re- 
fractory basic  substances  can  be  brought  into  solution  in  a  very 
short  time.  By  fusing  until  effervescence  ceases  all  of  the  hydro- 
fluoric acid  is  removed  and  the  colorimetric  method  may  be  used 
without  fear  of  any  bleaching  action  due  to  fluorides.  Attention  is 
called  to  this  method  because  it  shortens  the  tire  of  fusion  to 
such  a  great  extent. 
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